In a previous paper'), the author reported that grass pollen grains exude a liquid before germination on their own stigmas, and those which exude no liquid are incapable of germination. To study more in detail the relationships between germination and liquid exudation, the germination ratio and behaviour of pollen on the stigma were examined, especially in relation to the maturity of both pollen and stigma.
In a previous paper'), the author reported that grass pollen grains exude a liquid before germination on their own stigmas, and those which exude no liquid are incapable of germination. To study more in detail the relationships between germination and liquid exudation, the germination ratio and behaviour of pollen on the stigma were examined, especially in relation to the maturity of both pollen and stigma.
Materials and methods
Main materials used were barley (Hordeum vulgate), common wheat (Triticum vulgate), Einkorn wheat (Triticum monococcum), rye (Secale ceteale), maize (Zea Mays) and rice (Otyza sativa).
Some fresh stigmas were placed on a slide-glass and pollinated with pollen from splitting anthers. After placing the preparation for 1-2 hours in Petri-dish with or without a sheet of wet filter paper, the materials were stained with aceto-carmine, and all the grains which had adhered to the stigma were examined. In maize, the tips of stigmas, about 5-10 mm. in length, were usually observed. In the case of natural pollination, the florets which bloomed on the day or on the preceding day of experiment were chosen. The stigmas to which the pollen grains adhered in crowds were discarded.
The stigma hair, consisting of four rows of cells, has at first a form of a smooth column. Then each cell of the hair begins to project at the upper end and grows to maturity. Only the stages of immature stigma or stigma hair will be distinguished below as "smooth-" and " papillate-stage " (Fig. 1 ). The stigma does not uniformly develop over the full length, but the tip develops earlier than the base. In the course of development there appears the stigma which has the stigma hairs of the smooth-stage at the base and those of the papillate-stage at the tip. Such a stigma will be described below as "intermediate-stage ". In the long stigma (silk) of maize, the upper parts were at times used as the material of papillate-stage, and the lower parts as that of smooth-stage stigma. The process of the stigma development in Zea has been described by Weatherwax').
The developmental processes of grass pollen grains have already been studied in wheat3), rye4) and rice'). In the pollen grains of common and Einkorn wheat, the present author observed that starch grains appear after the translocation of the two pollen nuclei to the neighbourhood of the germ pore. They increase once in number as the vacuole becomes smaller, and fill up the pollen grain with the complete disappearance of the vacuole. Before the anther dehisces, the starch in many pollen grains decreases at the end opposite to the germ pore6'7). This phenomenon of starch decrease was recognized in all the species observed, i.e. in wheats, rye, maize and rice. It was especially remarkable in rye. In the following two types of grains, namely, those densely filled with starch grains and those in which starch is more or less decreased, will be provisionally called "starch-stage" and "sugar-stage" grains ( Fig. 2) , respectively.
In general there exist no morphological differences between these two forms.
The grain of the starch-stage is, however, stained dark red or reddish brown in colour with aceto-carmine, while that of the sugar-stage is stained light red or reddish orange with the same dye solution . From a dehisced anther, in most cases, there appear pollen grains of these two stages.
Results

Germination percentage of pollen on mature stigma
There are tolerable fluctuations in the germination percentage of pollen on individual stigma.
The present data show, however, that the pollens show 60-80 per cent germination on their own stigmas with both natural as well as artificial pollination ( Table 1 ). The reason why the remaining, apparently mature grains do not germinate may lie both in the nature of stigma and in that of the pollen grain itself. 
Germination and maturity of pollen
Niethammer8) tested the germination of pollen in various species by artificial media, and found that the group of pollen which germinated well contained much sugar, whereas another group showing no germination had a large quantity of starch, but not any detectable sugar.
The similar starch-germination relationship is already found in Cassia Fistula (Tischler9), " Befruchtungs-" and " Bekostigungspollen "'k) and later by Sisa10) in the pollen of loquat (Eriobotrya japonica).
As shown in Table 2 , most of the grains of Einkorn wheat which did not germinate on the stigma belong to those of the starch-stage, i.e. those densely filled with starch grains. It is also evident, as shown with rye pollen in * By adding diastase, Tischler found that the " Bekostigungspollen " secured the ability to produce the pollen tube. He also found the pollen of many other tropical plants passed the starch stage. pollen maturity and Secal e cereale. germination A few remarks may be mentioned here.
In rye and Einkorn wheat, even the sugar-stage grains were rather difficult to germinate, as they were obtained from anthers before natural dehiscence by cutting the ear before flowering (Table 3) or taking out the anther from a closed floret.
The anthers in one and the same floret do not necessarily develop with the same tempo. In one case in Einkorn wheat, two of the three anthers in a floret contained almost wholly the starch-stage and more immature grains, whereas the other had a great majority of sugar-stage grains.
Behaviour of pollen grains on immature stigma
As shown in Table 4 , the germination percentage of pollen grains on the immature stigma is not so good as on the mature stigma, with the exception of Zea Mays.
Generally, the germination of pollen grains becomes better as the stigma develops. The behaviour of pollen on the immature stigma was compared with those on the mature stigma.
An excised immature stigma and a mature one were placed on a slide-glass side by side, and simultaneously pollinated with pollen from one and the same anther.
The preparation was immediately brought under the microscope. On the immature stigma, the liquid exudation from the grain surface, the " wartlike form change "1), occurred generally later and proceeded more sluggishly than on the mature stigma ; in Secale, the exudation began on the mature stigma 10-15 seconds after contact with the stigma cells, while on the immature stigma it began in most cases after about 40-45 seconds. The pollen grains showing the exudation were small in number on the immature stigma (and others shrunk sooner or later), whereas on the mature stigma it occurred in most of the grains.
On the immature stigma, the amount of liquid oozing out between stigma cells and pollen grain was also smaller than that on the mature stigma, and many of the grains burst soon after the liquid exudation or just after producing the tube. From the latter effect, the germination ratio of pollen on the immature stigma became much smaller. As the stigma advanced to maturity, the frequency of the liquid exudation of pollen became larger and that of bursting smaller.
Growth of pollen tube on immature stigma
Usually the pollen tube emerging on the immature stigma grew very poorly. In Secale the tube, if elongated to some extent, did not enter the immature stigmatic tissue of the smooth-stage.
Sometimes the tip of the tube swelled spherically and some of them burst thereafter.
There also appeared pollen tubes thinner or thicker than normal.
Often the tubes growing along the grain surface suddenly burst at the tip as soon as they came into contact with the stigma cells. In Zea, the same phenomenon was also often seen on the mature stigma : exceptionally the tube entered immature stigmatic tissue of the smooth-stage at the point where the tip of the stigma rachis divided into forks.
Occurrence of reducing sugar in pollen and stigma
With Fehling's solution, reducing sugar in the pollen grain and stigma were examined in Einkorn wheat.
The preparation was heated to the boiling point and soon observed under the microscope.
Sugar content was greater in the pollen grain than in the stigma, but it was difficult to find any differences in the content between starch-and sugar-stage grains. As the stigma developed, the sugar content also increased.
More precipitation of cuprous oxide was observed in the stigma rachis than in the stigma hair. In the immature, especially in the smooth-or intermediate-stage stigma hairs, they could scarcely be detected.
Considerations
From the results obtained above, the relation of the germination capacity of pollen to the maturity of both pollen and stigma may be summarized as follows (Table  5) :
It can be seen from the table that a liquid appears between pollen and stigma whenever the pollen grains are capable of germination.
Good germination is, however, secured only when the mature pollen grains fall on the mature stigma.
Pollen grains of various maturity stages are contained even in one and the same dehiscing anther, and the germination percentage on the mature stigma is influenced by the ratio of pollen grains of a certain developmental stage.
The grain filled with starch produces the tube with difficulty. Most of it shrinks on the stigma, and never shows any remarkable liquid exudation.
On the mature stigma, most of the mature pollen grains exude liquid soon after coming into contact with the stigma cells, and then the tube emerges.
The grains which do not exude the liquid do not germinate, but begin to shrink.
On the immature stigma, many of the mature grains shrink sooner or later, and even when the grains exude a small quantity of liquid, many of them burst before or after the emerging of the pollen tube ; the nature of the liquid on immature stigmas seems to be different from that on mature ones. As will be stated in detail in another paper, the stigma reaction",'2), i.e. a rapid increase in the permeability of stigma cells immediately (within one minute or so) after pollination, occurs most conspicuously at the portion of the stigma hair where the pollen grain shows "wart-like form change" or visible liquid exudation.
When the stigma reaction occurs, the liquid covers the surfaces of the stigma hair and the pollen grain, and, presumably, the liquid at that time is derived from both of the partners.
The exuded ('normal') liquid seems to be highly viscous'). Besides moderate water supply"-"), some agents contained in it may stimulate the germination. In a cultivated variety of rice, for example, some amino acids (serine and alanine) are abundant in both pollen and pistil, and with the addition of these on the artificial medium the germination ratio of the pollen becomes larger's).
A similar effect of amino acid contained in pollen and stigma is also recognized in maize'7). The difference of sugar content between mature and immature stigma is also to be concerned in the germination.
In Zea the pollen grains germinate well on both mature and immature stigmas, but on the immature stigma many of the grains do not exude the liquid for a few minutes after contact with the stigma cells. This is also the case with other species. The pollen grains of Zea, however, can keep their turgid state on the immature stigmas and can germinate after a considerably long time, e.g. 30-40 minutes after pollination.
The pollen of this species is known to be tolerable to a wide range of water supply for germination",'8).
The peculiarity for water absorption and osmoregulation of the pollen grains as well as the water condition of the stigma may, in More immature pollen has no germination capacity.
2. The germination on immature stigma is not so good as that on mature stigma.
The percentage of germination increases as the stigma ripens.
As an exception, the maize pollen can germinate well on both mature and immature stigma. 3. The liquid that oozes out between pollen grain and stigma cells before the pollen tube emerges seems to be derived from both of the partners, and also to stimulate the pollen germination with some agents contained in it.
Grateful acknowledgment is due to Prof. S. Imamura, and Assoc. Prof. M. Hamada of the laboratory, and to Lect. K. Kato of the Inst. of Botany, Faculty of Sci. , Kyoto University, for their kind advice and criticism.
